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Relationshipbetween Erythrocyte 2, 3-Diphosphoglycerate and Age in a Normal Population Anastasios Kalofoutis, Stefanos Paterakis, Antonios Koutselinis, and Vassilios Spanos
The concentration of 2,3-diphosphoglycerate in erythrocytes was determined in 369 male and 376 female normal subjects, 1 to 86 years of age, derived from the Greek population. It was inversely correlated (P < 0.01) with age. Persons over age 60 showed a decrease (P < 0.05) in 2,3-diphosphoglycerate concentrations as compared to those 1-20 years of age.
The concentration of 2,3-diphosphoglycerate (DPG) influences the affinity of hemoglobin for oxygen (1) . Increased concentrations of DPG increase the release amount of oxygen available to the tissues, and there is an increase in erythrocyte DPG in response to hypoxia (2). Furthermore, an inverse correlation between DPG and hemoglobin has been reported, both for patients with anemia and normal persons (3-5).
Materials and Methods
In the present study, we estimated the concentration of erythrocyte DPG in 745 normal subjects (369 males and 376 females), 1 to 86 years of age, derived from the Greek population.
Blood was sampled early in the morning from these fasting subjects and transferred into siliconized tubes. We determined the concentration of DPG by the method of Krimsky (6). In addition, concentrations of serum iron, folate, and vitamin B12 were estimated by conventional methods. None of the subjects manifested any sign of illness nor were they seeking medical help. Special attention was paid to exclude persons with anemia (hemoglobin <134 g/liter for the males and <115 g/ liter for the females).
Results and Discussion
Studies on the metabolism of erythrocytes and DPG have shown that changes in hemoglobin concentration are closely related to changes in DPG concentration.
It is well known that several factors such as pH, temperature, and enzymes strongly influence the concentration of DPG in the glycolytic pathways that are affecting the capacity of oxygen release (7-9).
Our results are presented in Table 1 . The concentration of DPG in the erythrocyte decreases progressively with advancing age.
A significant (P <0.05) decrease in DPG was found in the last three groups, consisting of subjects older than 60 years, as compared to the two youngest groups. We also found a significant inverse correlation (P <0.01) between erythrocyte DPG concentration and age. The significance of the decreased erythrocyte DPG might be related to the lower concentration of plasma inorganic phosphate found in old age and under pathological conditions (10, 11) .
The negative correlation between DPG and hemoglobin concentration could also be the factor determining changes in the metabolic activity of the erythrocyte when hemoglobin is in its reduced form. It has been suggested (7) that the age of the erythrocyte may influence the concentration of DPG. This, however has not been worked out in relation to the effect of age on oxygen affinity. The present study possibly indicates that the decrease in DPG in some elderly subjects may be caused by a different behavior of the various glycolytic enzymes. This could be an early sign of disturbances in the mechanism of adaption to anemia or hypoxia related to age. 
